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Abstract 


A highly flexible glass chromatographic capillary column includes moisture impervious coating upon the 
external surface thereof and a stationary phase layer overlying the internal surface thereof. 
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CHROMATOGRAPHY COLUMN 
Background of the Invention 



'° a chromatographic column and. ,„ partlcular , rela|es „ . ^ 

tiSIZS&E: J5£KtSS?5S?i°-55- ~ ««* "ave a melting point „ 
borosilicate glass . soda lim p e gKSdSSL £ d ;™ d f '"dudea such oompoSST 

poml on the order of about 16000C * "** S ' l,ca *"»■ l e - *»* watte, ,*ich has fmelting 

separator, column. While this may 4^t^STZ^S- "T.' Mer alla ' me te "W 
consideration in all gas chromatographic cok,mn anaSli P " C f< e ™"> it is nevertheless a Major 
Jouid and because many gas chromatogSph™cJtt StSSl ■' • the W ""*•">' °' «»pEd to 

coiled columns had to be tifively Z£ % avSSudnXg2sT° f " M ,he ^Sgla'ss 

£f«5en» 

ends of the column. Such deterioraadn S?Z usefuln «* <* the stationary ptase near the 

"ere inherently questionable. " " e lm P° ss 'b'<> to measure and thus the ana^ical resulte 

«le surface of the glass. Such chSfS ifSve? or^ 5 be ^ the che3aSv^f 

irreversibly or non-linearly adsorbed by J^uS™^,?,^ 1" Sa i" p,e ^Ponents being * 
w.th so senously distorted peak shaped as itl^^ colu ™ - - <? to e.ute 

Summary of the Invention 
Ss^—m^SS 

and surface passivating layer. M C ° at ' ng and hav,n 9 an »>ner chromatographic separation 

Brief Description of the Drarring 
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The attached drawing includes: 

Figure 1, which is a schematic representation of a machine for producing highly flexible glass capillary 
column; 

Figure 2, which is a pictorial view of a means for coating a highly flexible glass capillary column during the 
production tl.reof; 

Figure 3, which its a cross-sectional view of a portion of a highly flexible glass capillary column; 

Figures 4A and 4B, which are cbronatograms demonstrating the efficacy of a highly flexible glass capillary 

column; and 

Figure 5, which is a tabulated comparison of the results shown in Figures 4A and 4B. 
Detailed Description of the Invention 

A highly flexible glass capillary column, generally indicated at 10 in Figure 1, embodying the principles of 
the present invention, can be produced by means of a modified conventional rigid glass column drawing 
machine 12, such as a 

Shimadzu Model GDM-1 manufactured and marketed by Shimadzu 

Instruments of Xyoto, Japan. The aforementioned modifications include, inter alia, first and second column 
coating means, 14 and 16 respectively, first and second curing means, 18 and 2b respectively, and a take- 
up drum 22 which drum is preferably driven by a dedicated motor, not shown in the drawing. 

The above-described apparatus is operated to faithfully produce the highly flexible glass capillary columns 
1 .0 and ensure that flexibility by.-providing a coating thereon which protects the glass from deterioration 
generally believed to be the result of interaction between the glass and moisture or other materials. 

In one preferred mode, a rigid glass tube 24 having an outside diameter of about 4 millimeters and an 
inside diameter of about 2.5 millimeters is used as the feed stock. The rigid glass tube 24 is initially 
cleaned, for example, with a 108 hydrochloric acid solution which is rinsed with water and subsequently 
dried. Preferably, thereafter, the tube 24 is handled with a gloved hand. 

The cleaned tube 24 is fed into the drawing nachine 12 via a set of feed pulleys 26. Title tt:rt)peratue of the 
drawing mashine 12 is set at about 6700C for soda lime glass. The resultant capillary column 10 is drawn 
from the inaciine 12 via a set of draw pulleys 28. The driving motors, not shown, for the feed pulleys 26 and 
the draw pulleys 28 must be carefully adjusted to ensure a smooth, continuous linear movement of the 
drawn capillary column 10.The majority of highly flexible glass capillary columns 10 drawn to date have 
been with a drawing ratio, i.e., the ratio of the drawn length to the feed length, of about 1 10 to 1 and have 
resulted in capillary columns 10 having outside diameters of about 0.3 millimeters and inside diameters of 
about 0.2 millimeters. 

In order for the column 10 to retain its strength and, most importantly, its flexibility, it must be provided with 
an external coating as rapidly as possible after it is formed. 

Such coating serves to protect the external surface from the deleterious effects of moisture and other 
materials which can make the glass friable. Further, the internal surface must also be treated with an 
appropriate coating to prevent the drawn column from becoming friable. However, this coating canbe 
applied subsequent to the entire length of the capillary being drawn. The permissible hiatus in applying 
such treatment to the internal surface is granted from the reduced diffusion rate of moisture bearing gas, 
e.g., the atmosphere or ambient, therethrough because of the capillary dimension of the column 10. 

The external coating which, in the preferred embodiment, comprises a first and a second column coating, 
30 and 32 respectively, shown in Figure 3, is applied by the aforementioned first and second coating 
means, 14 and 16 respectively. As clearly shown in Figure 2, the coating means, 14 and 16 includes a cup 
34 having a bore 36 through which the column 10 is drawn. Preferably the cup 34 is made from a pair of 
semicircular members 38 and 40 which are united by means of, for example, a hinge 42. The cup 34 is 
rigidly affixed to a stationary base member, not shown, so that the bore 36 is axially aligned with the drawn 
column 10. In operation, the cup 34 is provided with a column coating material preferably Prdlin PI-2550, a 
polyrnide manufactured and marketed by DuPon 

Corp. of Delaware. The Pyralin PI-2550 can be applied either in its pure form or it can be diluted, for 
example, with N methyl-;-pyrrolidone. Although other materials, including metals, can be used for the first 
and second coatings, 30 and 32 respectively, the Pyralin PI-2550 is preferred. In order to prevent leakage 
of the coating material through the bore 36 the mating surfaces, 44 and 46, respectively, of the semicircular 
members, 38 and 40 respectively, are provided with a layer of resilient material, for example, a strip of 
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Teflon, a material manufactured and marketed by DuPont Corp. of Delaware. 

5 ed c* U mn ,0 „ pass. 

temperature ovens. The first curing means fT 9 ^ ns 1 ? and 20 are effectively constant 
second curing means 20 is ^SS^X^SSo^^^i *~ 50 °' "" ereas the 

infernal surface* firs. S^toT^^S^ST' 8 '?" 0 C °' Umn """"f ^-Preferably, the 
hydrochloric acid prior to applying a fflm l^fS 1 $ta "' C , leach with 9 as «« 

marketed by Union Carbide of Danbu™ Cart "> wax 2° M ' a Polyethylene glycol manufactured and 

SZSSMiS I«;«^^js-~«^ .o a 

techniques. "" ' m uuvve,A * UIVI was applied by conventional 

an external surface 52 and an interna? surface 9 y < fl6Xlble glass capi,,ar y tube 5 <> having 

external surface 52 has a mois ureTmi^oS « » "PA 00 " ?T US bore 56 there th ™9h- The 9 
62 respectively, of a polymTde Tn e SSS3SrSS has SjSSSiS 8 ^i 8 S6C0nd ,ayer ' 60 and 
layer 64 has a chromatographic stationary phase laytr Se therlover " ^ " theret0 Wh *' Ch 

acidic or basic components. ^rauon capacity and the possible irreversible adsorption ofqeither 

and 5. Figures 4A and 4B are dhion^^n^^Z^t^rJ^ 7^* are shown in F, ^ res 4 
Figure 5 is a companion table interrelaS^thl HSJK P8b, " tieS ° f the C °' Umn and 

KEnes^^ - a substantia,* Heutra, pair 

dimethylpheno. (tip) whereas the refe^e^ < DA > and 2,6- 

of these compounds are chromatograph standards for e3«rtff5SS ( ? d octadecar >e CI8). All 
columns The sanple solution was 0 75% SS!S t°I ™. at,n 9 the efficac V of 9as chromatographic 
Elmer Sigma 1 1 5 Gas Chromatograph tS^^^XT ab ° Ut 1 7 5 meters ' on 9 A Perkin- 
snodified to enable the output signal to more rapidfy 9 ' he reSf> ° nSe t,me of the detector w 

t0 •I? 6 chr ° mato 9raphic peaks characteristic of any 
small capillary column. The test conditions were- helium 
carrier gas, u (linear velocity) of 6 cm/sec; 600:1 split 

dSSSSHZSf ? 1 20 ° C - The ° nly 0peratin 9 condition 
cl.ange between the test represented in Figure 4A and that shown 

n F gure 4B was a 1:10 dilution of the test sample prior to 

the test shown in Figure 4B and a four-fold decrease in 

detector attenuation. 

The primary column characteristic, amply demonstrated by 
he chromatogram of Figure 4A, of interest is the polarity of 

SEE ° f C8Pil,ary AS Shown *«• ■ -very little wafling" of the component peaks, 

term of art used to indicate the lopsidedness of a 

h np ://12.espace„e,.co,r^^ 
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chromatographic peak. Tailing usually results from a sample 
component being retained on the stationary phase material in a 
non-uniform manner. Thus, as shown in Figure 4A, the 
stationary phase of the highly flexible glass chromatographic 
capillary column 48 is, for all intents and purposes, neutral. 

In order to determine the presence of any acidic or basic 

adsorption sitesthe solution was diluted so that the peaks were just above the noise level of the 
chromatogram. Again, as 

shown in Figure 4B1 there is no serious tailing of the peaks. 

A close comparison of the two chromatograms, in -con3unction with the data set forth in Table I in Figure 5, 
clearly demonstrates that there is no discernable loss of 
either the acidic or basic compound at its lowest 
concentration. That is, the column 48 does not irreversibly 
adsorb either acidic or basic compounds. In fact, since the 

stationary phase coating 66, in this instance, was quite thin, on the order of about 0.1 micrometers, any 
irreversible 

adsorption of either acidic or basic compound would have been 
demonstrable. 

Thus excellent chromatographic results have been obtained 
from a relatively inexpensive highly flexible glass capillary 
calumn. 

Although the present invention has been described with respect to an exemplary embodiment, the 
invention is. not deemed to be so limited. Other configurations and embodiments are clearly possible within 
the scope and spirit of the present invention which is deemed limited only by the appended claims and the 
reasonable interpretation thereof. 
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Claims 



What Is Claimed Is: 

1 . A chromatographic column, comprising- 

^highly flexible g.ass capillary tube; said tube being hollow and having an externa, surface and an interna. 

tSUSSS Sri; * ° f Said external — ** -ting being 

asecond coating of surface passivating material overlying substantially completely all of said interna. 

2. Column as claimed in Claim 1 wherein: 
said first coating is a polymide. 

3. Column as claimed in Claim 1 or 2 wherein* 

^CHSTJSWSJ ** S3ld "*» * * M »*• - • 

4. Column as claimed in Claim 2 wherein* 
said polymide is Pyralin PI-2550. 

5. Column as claimed in Claim 1 or 2 wherein* 

said second coating includes a chromatographic stationary phase. 

6. Column as claimed in Claim 1 wherein* 

^SS^XXZX^ MM in,9mal surface a * a 

7. Column as claimed in Claim 1 wherein- 
said tube has an inside diameter of about 0.2 millimeters and a wall thickness of about 0.05 millimeter. 

8. Column as claimed in Claim 1 wherein- 
said highly flexible glass capillary tube is substantially comprised of soda-lime. 
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TABLE I 
PEAK HEIGHT RATIOS 

~7^— .www 

Z4-DtMETHrLANlUNE 0 23 °" 

2,6rOIMETHYLPHENOL n 21 ' ° 6 

OCTADECANE 0 „ 0 9 ? 

v eg I 01 

• PATIO OE PEAK HEIGHT IN FIGURE 3 TO PEAK HEIGHT IN PIGURE 2. 
^O^T^E^ 6 ' ° F P£A « "™ *™S 'OR HEPTADECANE 

FIG. 5 



